A new synthesis of mono C-glycosyl derivatives of dialdehyde sugars using a Michael additionlaldol condensation sequence has been developed. It is complementary to previously reported methods for the production of C-glycosyl compounds. The synthesis involves the Michael addition reaction of an enol silyl ether with acetylbenzoquinone followed by an aldol condensation and subsequent aromatization of the resulting hydroxy ketone. The aldol condensation proceeds only under select conditions and affords the unstable ketols 7 and 15. F (2), [ a ]~ -17.5' (c = 1.7, HZO), for pseudopterosin G (3), [a] with two molecules of composition C1SH9606~2H20 in the asymmetric unit (2 = 4). All unique diffraction maxima with 28 > 114O were collected on a computer-controlled four-circle diffractometer using graphite monochromated Cu Ka radiation (1.5418 A) and 1' w scans. All 3392 independent reflections collected in this manner were used in subsequent calculations. The structure was solved with some difficulty using direct methods and was refined using blocked full-matrix least-squares with anisotrophic heavy atoms and fixed isotropic hydrogens to a conventional crystallographic discrepency index of 6.8%. Ad-= 1.0, H20).
Recently, the preparation of C-glycosyl compounds has become a very active area. New synthetic methods have been developed for the appendage of aliphatic and aromatic groups onto carbohydrates and for the de novo synthesis of C-glycosyl compounds.' The synthetic objectives have been either naturally occurring C-glycosyl compounds or more complex natural products for which the C-glycosyl compound was employed as a synthetic intermediate. Notable synthetic advances include the elegant extensions of the Ferrier reaction by Danishefsky? Fra~er-Reid,~ and other^,^ the preparation of aryl C- Surprisingly, all attempts to cyclize 5 to naphthol 8 (R = H) led to the recovery of 5 (tBuOK in THF or DMF, 25 "C) or to the decomposition of 5 (tBuOK in DMF, 60 "C; NaOMe/MeOH, 25 "C). However, the deprotection of the enol silyl ether 5 with commercially available tetrabutylammonium fluoride in methylene chloride unexpectedly produced the hydroxy ketone 7 in 62% yield. We had anticipated that the hydroxy ketone would rapidly dehydrate to form the aromatic ring. The structure of 7 was supported by 13C NMR resonances at 6 201.69 and 156.15. The proton NMR exhibited three AB quartets for the three methylene groups in 7. This reaction has been repeated three times with yields ranging from 55% to 62%. The reaction of hydroxy ketone 7 with acetic anhydride, triethylamine, and 4-(dimethy1amino)pyridine (DMAP) afforded triacetate 8 in 90% yield. The conversion of ketone 3 into triacetate 8 demonstrated that the Michael addition/aldol sequence was a viable one for the generation of C-glycosyl compounds. In compound 1 there are two bonds from the carbohydrate unit to the naphthoquinone ring. In the hope of achieving the second linkage on a model system which more closely resembled a precursor to 1, we prepared pyranose 12 from the readily available bis-acetonide 10 by a two-pot reaction.14 The enol silyl ether was then generated by the reaction of 12 with triethylamine and trimethylsilyl triflate. Enol silyl ether 13 reacted with acetylbenzoquinone to afford a 55% isolated yield of adduct 14.
This compound was treated with tetrabutylammonium fluoride in methylene chloride to afford keto alcohol 15 in 54% yield. The naphthalene 16 was generated by reaction of 15 wit9 acetic anhydride, triethylamine, and DMAP in 87% yield.
The cyclization of pyranose 16 was examined. Despite extensive variation of temperature, Lewis acid (PTSA/ MeCN, 25 "C to 80 "C, SnC14, 0 "C, 25 "C; Amberlite IR-20/THF, 25 "C to 70 "C) and order of addition, no quence would provide an aryl C-glycosyl compound with the phenol group meta to the C-glycosyl linkage. In contrast, the synthetic approaches developed by Kozikowski, Cai, Schmidt, and Casiraghi would produce the C-glycosyl compound with a phenol in the ortho or para position. If such a sequence could be realized, a retrosynthetic analysis for compound 1 might be devised as shown below.
In order to test this question, we reacted the enol silyl ether of 313 with acetylbenzoquinone, expecting to obtain a diketone. The product we actually isolated in 70% yield was enol silyl ether 5. cyclized products such as 17 were obtained. Attempts to selectively cleave the 1,2-acetonide (Ac20, AcOH, H2S04) resulted in the decomposition of 16. The methodology described herein offers an attractive new pathway for the synthesis of aromatic C-glycosyl compounds which would be difficult to prepare by previously reported methods. The three-step sequence of Michael addition, aldol condensation, and aromatization is compatible with a variety of functional groups on both 
Experimental Section
Unless otherwise noted, materials were obtained from commercial suppliers and were used without purifkation. H-EA refers to hexanes-ethyl acetate solvent mixtures for TLC and chromatography. The purity of all title compounds was determined to be >90% by proton NMR and/or elemental analysis.
5-C-Acet yl-12:3,4-bis-0 -( 1 -met hylet hy lidene) -L-arabinopyranose (12). To a stirred solution of oxalyl chloride (3.97 g, 31.3 mmol) in 50 mL of THF at -78 "C was added dimethyl sulfoxide (3.26 g, 41.7 "01).
The solution was stirred at -78 "C for 30 min. The diacetonide of galactose (5.43 g, 20.9 mmol) in 20 mL of THF was added. The solution was allowed to warm to 0 "C for 30 min and then cooled to -78 "C. Triethylamine (10.55 g, 104 mmol) was added, and the solution was allowed to slowly warm to 25 "C over 1 h. The solution was then cooled to -78 "C, and MeMgBr (3.0 M, 38.2 mL, 114 mmol) was added dropwise. After the reaction had stirred at -78 "C for 2 h, it was allowed to warm to 25 "C for 4 h. The solution then was cooled to -78 "C and quenched by the addition of 3 mL of EtOH followed by 20 mL of NH,Cl/NH,OH buffer. The reaction mixture was poured into 300 mL of NH,Cl/NH,OH buffer and extracted twice with 300 mL of ether. The organic layer was dried over MgSO, and purified by silica gel chromatography with 1:l H-EA. The purified alcohol 11 was dissolved in 150 mL of CH2C12. To this solution was added PCC (9.05 g, 42 mmol). The reaction was stirred for 36 h, diluted with ether, filtered, and purified by silica Et3N (0.315 g, 3. 11 mmol) in 5 mL of CH2Clz at 0 "C was added trimethylsilyl triflate (0.55 mL, 2.86 mmol). The solution was allowed to warm to 25 "C over 4 h. The solution was diluted with CH2C12 and poured into a brinejammonium chloride solution. The brine was extracted twice with CHZCl2. The organic layer was dried and concentrated in vacuo. The resulting oil (84% yield) was unstable and was taken directly on to the next step.
General Procedure for the Enol Silyl Ether Additions to Acetylbenzoquinone. To a solution of acetylbenzoquinone (2 equiv) in acetonitrile (0.25 M) at 25 "C was added the enol silyl ether (1 equiv) dissolved in MeCN. The reaction was allowed to stir at 25 O C for 8 h. The solvent was removed in vacuo. The residue was dissolved in ether an washed with saturated Na&03. The ether layer was dried over MgSO,, filtered, and concentrated in vacuo. The product was purified by silica gel chromatography with 5:l H-EA to afford the pure product. Kraus and Shi 0.069 (s,9 H); IR (oil) 1639 ,1464 ,1620 ,1209 ,1126 MS m / e 514, 424, 265, 237, 204, 147, 91, 73 ; HRMS m / e for C27H3408Si calcd 514.202 31, measured 514.201 05; 13C NMR 127.758, 126.123, 118.317, 117.335, 112.035, 112.006, 110.205, 105.699, 82.921, 82.651, 81.969, 73.017, 43.554, 31.083, 26 .943, 118.314, 117.420, 117.115, 110.453, 108.139, 108.933, 108.762 3460, 2970 , 2830 , 1637 ,1485 ,1446 ,1298 ,1113 MS mle 442,333,275, 229, 192, 129, 113, 91, 69 ; HRMS m / e for CZ4HzaOs calcd 442.162 78, measured 442.162 50; 13C NMR (CDCl, ) 6 201.690, 156.151, 145.723, 135.442, 128.985, 128.878, 128.380, 125.153, 124.972, 115.874, 115.620, 112.006, 101.835, 82.777, 82.118, 81.365, 73.733, 72.252, 47.555, 33.207, 26.742, 26.186 3508, 3221, 1639 , 1591 , 1462 , 1375 ,1167 MS m / e 422,407,364,346,288,204,193, 176, 150, 71, 59 General Procedure for Aromatization. To a solution of aldol (1 equiv) in CH2C12 (0.1 M) was added Et3N (10 equiv), acetic anhydride (8 equiv), and a small crystal of DMAP. The reaction was stirred for 8 h. The solution was diluted with CHzC12 and poured into brine. The brine was extracted twice with CH2C12. The organic layer was dried and concentrated in vacuo. The product was purified by silica gel chromatography with 1:l H-EA. 
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